T66
T had spiral spore chains and a rugose spore surface that is different from its closest should be considered as the type strain of a novel species in the genus Streptomyces, for which the name Streptomyces fabae sp. nov. is proposed.
Members of the genus Streptomyces, first described by Waksman & Henrici (1943) , are widely distributed in nature and are Gram-stain-positive, aerobic bacteria. They are present in common soils in abundant numbers, making up 1-20 % (approx. 10 4 -10 7 c.f.u. g
21
) of the total number of colonies grown (Korn-Wendisch & Kutzner, 1992) , and are also highly abundant in the rhizosphere Sembiring et al., 2000) . Secondary metabolites derived from members of the genus Streptomyces are incredibly important in the pharmaceutical industry, especially for the development of novel drugs (Newman & Cragg, 2012) .
Taxonomically, most members of the genus Streptomyces have high DNA G+C content (69-78 %), LL-diaminopimelic acid in the cell wall, and MK-9 (H 6 or H 8 ) as a main menaquinone. They also have various types of spores (smooth, spiny, warty, hairy and rugose) with different spore chains (straight, verticil, looped and rectiflexibles) , and substrate mycelia during growth (Kämpfer, 2012) . Although a detailed method for determining the taxonomy of species of the genus Streptomyces based on phenotypic and physiological characteristics was provided Kämpfer et al., 1991) , the approach lacks credibility, especially for species that show 16S rRNA gene sequence similarities with the type species of greater than 97 % (Stackebrandt & Goebel, 1994) . Thereafter, a complete method has been used employing a combination of phenotypic characteristics and molecular classification systems in biology Embley & Stackebrandt, 1994; Lanoot et al., 2002 Lanoot et al., , 2004 Hatano et al., 2003; Rainey & Oren, 2011; Kämpfer, 2012) . In this study, we focus on the description of a novel species, isolated from rhizosphere soil, with antibiotic activity that kills microbial pathogens.
In the present study, T66
T was isolated from a soybean rhizosphere soil sample collected from Gyeonggi Siheung Sorae in the Republic of Korea. Before isolating bacteria, the soil was dried at room temperature and treated at 40 8C for 16 h (Williams & Wellington, 1982) . Two media were used for the isolation of rhizosphere soil bacteria as described by Korn-Wendisch & Kutzner (1992) The morphological characteristics of spores and mycelia of the isolated strain grown on ISP 4 (inorganic salts-starch agar) incubated at 28 8C for 30 days were observed by scanning electron microscope (EVO MA 10, ZEISS). The spore chains were observed to be spirals with a rugose spore surface (Fig. S1 available in the online Supplementary Material). Morphological and physiological characterizations were determined by growth on different media [ISP 2, yeast extract-malt extract agar (Pridham et al., 1956 (Pridham et al., -1957 ; ISP 3, oatmeal agar (Küster, 1959) ; ISP 4; ISP 5, glycerol-asparagine agar (Pridham & Lyons, 1961) ; ISP 7 and tyrosine agar (Shinobu, 1958) ]. All the growth media were prepared as previously recommended by Shirling & Gottlieb (1966) and Williams et al. (1989) . Strains were analysed after incubation at 28 8C for 21 days. Colours were defined according to the NBS/ISCC Colour System (http://tx4.us/nbs-iscc.htm). Sole nitrogen and carbon source utilization studies were carried out following the protocol of Shirling & Gottlieb (1966) . Antibiotic resistance was determined using paper discs. Growth at different temperatures (4, 10, 15, 20, 25, 30, 37, 40, 50 and 55 8C) and at various pH values from pH 3.0-12.0 (at intervals of 1 pH unit) was evaluated on Bennett's modified agar plates as described by Williams et al. (1989) . Chemical tests (H 2 S and indole production) and the motility test were determined by growth on SIM medium (Oxoid). The isolate grew on all media tested and produced white aerial hyphae and spores on ISP 3 and ISP 4; it had different colours of substrate mycelium on each medium except Czapek-Dox and glycerolasparagine agar. However, only on ISP 2, the diffusible pigments were not pH sensitive in the presence of 0.05 M HCl because the colour was not changed (Table 1) , and on all the media tested except Czapek-Dox agar and ISP 5, the soluble pigments became colourless in the presence of 0.05 M NaOH (pH sensitive). Cultural characteristic tests were carried out under the same conditions. With regard to aerial hyphae, strains T66
T and NBRC 13016 T produced white hyphae; strain NBRC 13016
T , but not T66 T , could produce hyphae on ISP 7; and NBRC 13402 T produced mycelium on both ISP 3 and ISP 4, but of different colours. Representatives of other species were completely different in terms of colours and medium for mycelium production ( Table S1 ). The different interspecies characteristics are shown in detail in Table 2 .
Preparation of genomic DNA was performed as previously described (Nikodinovic et al., 2003) . All strains were cultured in 30 ml YMG medium (4 g yeast extract l
, 10 g malt extract l 21 , 4 g glucose l
, pH 7.2) for 46 h at 28 8C, with shaking at 160 r.p.m. Cells were harvested by centrifugation and washed with 10 % (w/v) sucrose. Primers 27F and 1492R were used for PCR amplification of the 16S rRNA gene (Frank et al., 2008) . Sequencing was performed on an Applied Biosystems 3730XL DNA analyser using a Big Dye terminator cycle sequencing kit v.3.1 (Applied Biosystems). The 16S rRNA gene sequences of related taxa were obtained from GenBank and edited using the BioEdit program (Hall, 1999) . Multiple alignments were performed with the CLUSTAL X program (Thompson et al., 1997) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) . Phylogenetic trees were reconstructed using neighbour-joining, maximum-likelihood and maximum-parsimony methods in the MEGA6.0 program (Tamura et al., 2013) , with bootstrap values based on 1000 replications (Felsenstein, 1985) . Kineosporia aurantiaca JCM 3230 T (AB003931), which has similar features to species of the genus Streptomyces, was used as the outgroup (Locci, 1989) . A near-complete 16S rRNA gene sequence (1488 nt) was determined, and the pairwise 16S rRNA gene sequence similarities with published strains were calculated using the EzTaxon-e server (http://www.ezbiocloud.net/ eztaxon) (Kim et al., 2012) . Tree topologies confirmed that strain T66 T was different from its closest siblings previously described in the genus Streptomyces (Fig. 1) . However, the relationship was not supported using neighbour-joining analysis with bootstrap values set at 1000 resampled datasets. T and the six most closely related type strains according to the procedure described by Ezaki et al. (1989) . Levels of DNA-DNA relatedness were determined using a VICTOR X2 2030 multilabel reader (PerkinElmer). The DNA G+C content was determined by HPLC (Mesbah et al., 1989) . Strain T66 T shared DDH values of 30.72(¡1.06)-35.12(¡1.94) % with the six most closely related type strains; these results were far removed from the 70 % cut-off point recommended for the indication of species status in the same genomic species (Wayne et al., 1987) . The DNA G+C content of strain T66 T was 71.67 %.
For chemotaxonomic analysis, isomers of diaminopimelic acid (DAP) and whole-cell sugars were extracted and determined using TLC from free dry cells as described by Lechevalier & Lechevalier (1970 , 1980 and Staneck & Roberts (1974) . Polar lipids were extracted from dry cells according to the procedures (method 2) described by da Costa et al. (2011) . Menaquinones were extracted according to the protocol of Collins (1985) and analysed by HPLC. Cellular fatty acids were extracted using the Sherlock Microbial Identification System (MIDI) to evaluate the relationships between species (Sasser, 1990) . All strains were cultured aerobically in trypticase soy broth at 28 8C and 160 r.p.m. for 5 days. The cell-wall peptidoglycan of T66 T contained LL-DAP (Fig. S2) , which is typically detected in species of the genus Streptomyces (Lechevalier & Lechevalier, 1970; Goodfellow, 1989) ; glutamic acid, alanine and glycine were also detected in cell-wall peptidoglycan. The whole-cell hydrolysates contained glucose and ribose (Fig. S2) . The polar lipids included diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside, four unknown phospholipids and two unknown aminolipids (Fig. S3 ). According to Lechevalier et al. ( , 1981 , the profile exhibited in Fig. S3 corresponds to phospholipid type II. The predominant menaquinones were MK-9 (H 6 , 57.4 %), MK-9 (H 8 , 37.4 %) and MK-10 (H 2 , 5.2 %) (Fig. S4) . Fatty acid compositions were determined in all strains, with significant differences in the amounts of anteiso-C 15 : 0 , iso-C 16 : 0 , iso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 17 : 0 and C 16 : 0 (Table S2) , showing a feature of the genus Streptomyces (Hofheinz & Grisebach, 1965; Lechevalier & Moss, 1977; Popísil et al., 1985; Saddler et al., 1986 Saddler et al., , 1987 T to related members of the genus Streptomyces. Numbers at the nodes indicate levels of bootstrap support (%) based on a neighbour-joining analysis of 1000 resampled datasets; only values greater than 50 % are given. Bar, 0.01 substitutions per site. K. aurantiaca JCM 3230 T (AB003931), which has characteristics similar to those of members of the genus Streptomyces, was used as the outgroup. Asterisks indicate branches of the tree that were also recovered by neighbour-joining and maximum-parsimony, and 'P' indicates branches that were also recovered in the maximum-likelihood tree.
belongs to the genus Streptomyces; however, it can also be distinguished from known species by phenotypic features including spore morphology, sole energy sources, growth conditions and metabolic substrates, and by genotypic features including DNA hybridization values (Table 2) . We strongly suggest that strain T66 T represents a unique species within the genus Streptomyces, which produces a compound with antimicrobial activity against microbial pathogens, and is named Streptomyces fabae sp. nov.
Description of Streptomyces fabae sp. nov.
Streptomyces fabae (fa9bae. L. fem. gen. n. fabae of a bean, referring to the isolation source, the rhizosphere soil of soybean).
Aerobic, Gram-stain-positive, non-motile actinobacterium with extensively branched aerial and substrate hyphae that differentiate into spiral chains of rugose-surfaced spores. It grows at 15 to 40 uC, pH 6 to 9, and with 5 % (w/v) NaCl; growth occurs on all ISP media tested (2, 3, 4, 5, 6 and 7), Czapek-Dox agar, potato dextrose agar, trypticase soy agar, Bennett's modified agar and nutrient agar at 28 uC. Utilizes several compounds as sole carbon sources (at 1 %, w/v) including D-fructose, D-glucose, D-mannitol, D-xylose and L-rhamnose, but not D-myo-inositol, raffinose or cellulose. L-Tyrosine and L-ornithine (weakly) are utilized as sole nitrogen sources (at 0.1 %, w/v), but not L-valine or L-arginine. Can reduce nitrate to nitrite; degrade starch, milk and xylan; form melanin on tyrosine agar; and produce H 2 S, but not indole, on SIM media. The cell-wall peptidoglycan contains LL-DAP, glutamic acid, alanine and glycine; and the whole-cell hydrolysates contain glucose and ribose. The major polar lipids are diphosphatidylglycerol and phosphatidylethanolamine; MK-9 (H 6 ), MK-9 (H 8 ) and MK-10 (H 2 ) are detected in the cells. Major fatty acids are anteiso-C 15 : 0 , iso-C 16 : 0 , iso-C 15 : 0 and anteiso-C 17 : 0 . It is resistant to ampicillin and chloramphenicol, but sensitive to streptomycin, tetracycline and rifampicin. It produces metabolites with activity against Gram-positive and Gram-negative bacteria, as well as against fungal pathogens. These phenotypic features are mentioned in the text and in Tables 1 and S1 .
The type strain, T66
T (5KEMB 9005-219 T 5KACC
18226
T 5NBRC 110902 T ), was isolated from soybean (Glycine max) rhizosphere soil at Kyonggi Siheung Sorae in the Republic of Korea.
